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COMPLETE SPECIFICATION 

Isocyanate^extended Polyoxyalkylene-Carboxy-Alkylene Polymers 

in which n is an integer liavii^ a vahie of 
Of least 2, al ite Rs ate hydrt^psii ^viiea n is 40 
2, at kast 6 Rs aire hyirogm wiien, n is more 
tfaa 2 and the tammn^ Rs are bydrogsin 
or ailkylj cycteilkylj aifeiy or single nog 
acgmadc hij^ocaitot xas^cds or aa biydniEy 
ester of sa^ laoDOEfie aiad a piHDary or secanr 45 
daiy dcoM having a bofiin^ podnt lower 
dian chat of said #4 diaTTHnf^ axniino alcoh^^ 
diasercaptaiij meicapt'O' alcoihdj water, hydiio- 
^iOr sdpMde or daimendl, and a 1, 2 eposide 
5f the gsiiOTi fomEiib: — 50 
R^— CH— CH— R^^ 

\/ 
O 

m vMi^ R^ is bydrogfin or an alkyl) cMoro>- 
a&j^j liyyircKj^lkyi, vm^fi or phieayi radical 
or lis wMdi ifae iwoi R^ lafcen together om- 
ptee a d^ecl hydrocaiteo tmg; reacting said 55 
reaxsioiQ] Qidstxtre wMk a noboiar excess bs b3r&- 
iabofoipe di^iaed of an, argaaic diisocyanate to 
foTO isTCyanate^esiend^ o^ailkylensor- 
besyalkylei]ie paLyinaiers and coovadng ^ki 
pcJ^pQiers to» a nojirtfflrdieiung gum. stock by 60 
rea£9t£Q!Qi a didj a d jamTTig or aa ainmo 
akd^ol 

The polytcrfiane r-eans cf die present ia- 
veatian are diaraspttrized by die pr^ssnas of 
subatapCEadly linear upiisi of eoEniji^stedi oxy- 65 
alkylms-^aitosyaikyieiie chains and diiiso- 
cyamite residues int "which, sthe cbaons and 
ceskiuss are ooomso^ to ans^ ancdier by 
nssaas ureajiane groups aBd diaiss 
csmspdssi suibstsnitially liaear series of inter- 70 
cenfieODed divakoit asyalkylene and: mono- 
carbcK?a&3?ieae Li ate daams of these 
reqins die ooEmscdng asy and carbosy groups 
between the alkylens segisms are distnl^iitsd 
in otdsredt or tan^om fashiODs. Thos, for es- 75 
amp^ a t^^pipal ehsiQ wxtb ordiered 4ij9tnbiu- 
tioa may be represgoit!edi by: — 



Union Carbide Gorpohation, of 270, 
Park Avmv^ New Yarkj State <^ New Yodk, 
Unoted States of America, a Corporation 
oi'ganised under die laws cf tbe Slate d New 
York, Unked Stat"^ of Anierica, (assignee of 
DoK&U) Mackby Young and Ftoz Hos- 
tettler), do> teeby dedaie the die inveur 
tiott, for whicbi wse pray that a paiDect may 
be granted tra us, add die naedicid by v^bkh 
it is to be perfcsatssda to be partaiail^ly dcs.- 
cribed in and by idie fciowdng statement: — 

The pffesemt iavention letote to syodifitk: 
coszsposidons o€ ma^er u^fol in the masxor 
f acmre of drea, sihoe sol^a bdis and naay 
other ardd^ ckarably having hi^ resistaiioe 
to abrasioib, oodd^OQ, soUvents and ultra- 
vuatec l^;bt, as weLI as id a m^^licd of pre-^ 
paring such oampodtions. 

We liave also f<mnd dmt polyunsdzane 
remits can advantageously be prepared frosn 
oQC5^ill(ylei^<arboKyalk^^ polymas m 
which the oxy and carbcKxy groups, or oxy- 
all^lene and oarbosyal^I^ link% aie d£s- 
tributed in rai^m or ordered fashion, along 
.the lengidis of the chairrs aBd dmt itiiess can 
be prepared esseffidaliy by reaodoo. of a hot- 
one "wit^ an eposide and a difancdanai focal 
compaund piSeraMy in die presence of a 



According to to the pcesM: inventioii' tore 
is provided a methsyd of prapaiing a giro 
stock whici^ oosniprises forming a n^xtuce d£ 
axyalkykn£<arbasya&ytene poljpiers by ce- 
aodng a dtpbsmil, a died, a iMsamns, an &mna 
alcohol, a dim^srcaptaHs a msrca|^ alcohol, 
watCT or hydrog^ea suLpSnds^ a bctooe of the 

general farmada : — 

0=C(CR?)aCHR 



m -^LCOBOEOLCOEOEQLCpEp . . . e?c, 
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and a c^picai chain wah nuKtan distxibiHi<Hi would be: — 

o o o 

IV. --OEOiA)EOEOE0lA)LC0E0E0 . . . etc. 



in wliMi the Bs stand* for aliens segm<ects 
<krived fram an qKxdde. 

5 The laatores dihi are suitable for use in 
preparing osyalfcyienieKaAoxyalkykiie ^ pdy- 
mzrs in amayfance widii diie pr^eiEt inven- 
don indizde d^-v^erokotOLaes and gamnia- 
butyrdactones. The general formula for the 

10 lactoaes suitable in Sas, inrenidoa is prefer- 
aWy: — 

V. 



in which n is an initj^er of ait least four, at 
least (n+2) Rs are bydrogen, and die raimin- 
15 ii^ Rs are bydrogeai» aScyl, cydoalkyis alk- 
csy or sin^e ring aromatic bydrcK^Hboa 
radicals. 

The epoxides are us^ as starting 
uHterials in diis embodmeat of die invQiitioa 
20 are die l^-^posides of the general 
formula: — 

R" 

I I 
VI, GH— CH 

\/ 
O 

in which the R"s are bydrotgen, alkyl, dilaro- 
alkyl, hydroxy alkyl, vin3ril or piienyl radicals or 

25 in which the to R^ con^lete a dosed hydro- 
carbop ring. AmDog the 132-epoKidss of this 
description diat deserve spedal mentioEQi are 
ethylene cEside, propylene oxide, l-msdiyl- 
l^-propylene cade, l^-butyiene oxide, buta- 

30 diene moaoEside^ epidxlorahydirii^ ^yddol, 
cydchssene odde and stycene ccdck. Mix- 
tures cf diese epoEddes are also suitable and 
in some insftaisces most ygM.y desirable from 
the point of view of profvidmg a ready means 

35 of altering the propeitties of the OKyB&kylene- 
carboxyalkyleiK polymers that are formed. 
Ethylene and propylene oxides^ and mixtures 
thereof 3 are preferred because of their low 
cast ard ease <f reacdon. 

40 The difunicsiooal focal compomd^ so- 
cal3^ b£s:ause diey act as focal points m the 
fcsracaiidcis cf oKyaJkjteteKarbosyalfcytoe 
pdymecs and piay a major roib in dstermin- 
ing the mcibcalar weig^ of a given mixture 

45 cf oxyallsylaieKsurboiKya^ polymers, are 
cho^ having ctwa reactive hydrogens that arc 
caj^e of opanng a ketone ting or an 
epaxida The difunctional conHxyancSs useful 
as sudit are dMs^ diamines^ (fipibeool^ duner- 

50 captan% aminf i atolhi^ Mid nxercapto alco- 
hds represemted by the fozmuk: — 
Vn. R"^(YH)2 

in which R^ is an alipifaa^ cydoalipthaidc, 
axomajtic or heDeiocydic radM and die Ys 



ai^ _0— , — S-^ — NH— and — NR""— , 55 
R'^ being a hydrocarbon radical sd^ied 
frcsn the group consiatiDg of alkylj aryl, 
aralkyl and cydoaikyi radic^ Dids are pre- 
ferred. 

Tbs dtfnncdoial compounds that are suit- 60 
Ms irduds aliphatic diols socb as gjycc^ 
of the general formula HO(CE[0nOH in 
Vfbkh n equals two to ten, alkylene ether 
gLyaite of the foimulae H0[(CH2)n,0]nH and 
HO[CH(CH3)CH20]nH in which m is from 65 
two or five and n is one to about ten, 2,2- 
dimfidiyl-lj3-propanediol3 2,2-di-edi3^-l33- 
propansdidj 3-nKdiyl-l,5-|penitan£diolj N- 
msdiyl- and N-ethyi diedianokmines; cydo- 
aliplstic dioils sudi as various cydoheMne- 70 
diols> 4>4^-nKdiyienebiscydQbE£ano]3 4,4'-iso- 
prt^yiidoidjiscydoJiexanol; aromatic dlds 
sudi as hydroquind; arcmatic-aliphadc diois 
such as various xylenedids, hydroxymetbyl- 
pbenethyl alcohds, bydroxymethyl-phenylpro- 75 
pandSj phenykaKdiemancis, phenyfenedipro- 
pands; and various heterocycHc diols such as 
1,4-ptperazinc diethanol; difunctiond amino 
dcohols such as aliphatic amino dcohols of the 
generd formda HOCCHOnNHo, where n 80 
equals two to ten^ N-metbykthandanrnK, iso^ 
prqpandamine, N-metbydiscprapanoIamiiie; 
. arooHiitic amino dcohols sucb as para-amino^ 
pbenethyl alcohol and para-anuno^pba- 
msdiyibeazyl alcohol; various cydodiphatic 85 
amino alcobds sudi as 4-aniinoc^dohexanol; 
diamines cf the generd formula HoN(CH2)n 
NHjj monoseoon^ry diamines of the general 
fonmik -R""NH(CH0nNH23 and dis2C(Kidary 
diamines of the general formula R^^NH 90 
(CHi)flNHR"^, where n equals two to ten 
and wbae R^^ is dkyj, aryl^ ardkyi or cydo- 
alk]d; aromadc diamine sudt as meta-pb^y- 
knediamine, paraphenylenediamine, iduene- 
2,4-diamine5 •tduen>2,6-diamine, l^S-naph- 95 
thdenediamine, 138 - naphthdenediamine^ 
mista-xylylenediaminej pu^a-xylylenediamine, 
benzidke, 353^-dimethyl-4,4^-biphenyIdianiine, 
33^-dimethoKy-4>4^-biphfinyldiamiii^ 3,3^-di- 
d3i(Ho434'4^h^yldiamin£5 434^-mfSitbylene- 100 
dianiline, 4,4^<!ibyienediai^ine5 253j536-tetra- 
nKdKyi-para-^^ienylenaiianjinfi, 2^5-fluoren&- 
diamine, Mid 257-flu0renediamine; and cyclo- 
d^hadc diamirmns sudi as l54<3^di€xanedi- 
QsmnSy 434^-^nielbyienebiscydohsx^amine;, and 105 
4i4*-dsoprcpy3idensbi5cydohexykiri!i^ and 
besmcydic amines such as piperadne, 2,5- 
diTrffifhylpiperaane and l34-bis(3-amino- 
propyl^^psrazmei, as weH as correspcmdii^ 
didSds and mercapto-akohds. Water and HO 
bydrogen sdfidfe are dso suitabk as difunc- 
compounds for intdadng a kctone- 
rraction. 

The oxyalkylene-carboxyalkyiene polymery 
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prqrared £nmi diere scatdng materials in 
accordance wxdi die present invention are 



bdieved to correspcmd predominantly to the 
general formula: — 



10 



15 



20 
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0 o 

II II 

H[(OE)x(01X)nJyYR^(CLOV(EO)J,H 



in which tte Ys and R"^ are as dsfinad 
earlier^ and itbe Ls are substantially linear 
lactone residues or dfcylene ^ira© hsw- 
ing the general formula — (CRg^nCHR— in 
wMcb n and the Rs are as descr^sed witb 
reference to Formula V, die ^ alky- 
kne segments having (the geiKral imxxdz:— 

IX. -_ch:--ch— 

R^ 

wteeitt the R"s are as described widu r^er- 
ence ttj F nrmnia VI, che KB are an average 
of at ka^ osie, the xs average fromi about 
one-half in aboue six and one-half, (he ys 
avera^ from about one to about fifey, and 
the and Es are in random or ardeared <fis- 
tiibudooi, at lease some of the Ls in a giiren 
series being recurrent) Le., separasied from 
otts aacdET by Es^ or at l«rac some the 
in a given serra being recorrcnit, Le., sepa- 
rated from <st& anodier by Lsi. 

While do not wish to be limited by any 
theory piessmed hecdna k is bdieved 4to 
che lactone and epomxls niodecuies are opened 
in the course of the reactEon to fasrm sub- 

X. ... R"^OH+0=C(CR5)nCRH— . 



stantially lin™* carboxyalkylene and oxyalky- 
lene links, respecaiveiy, ie. substituted or un;- 
substituted a^lene segments havir^ icenninal 
carbosy and oxy groupSL The opening of one 
such lactone or epoxide micdficieLe praluxxs 
a cisdn linfe havdD§ a terminal hydroxyl group 
whsch thett open anothfer laxBHie or 
epoxide molecule. Tliis produces a fcngjhsn- 
ing of the chain and tlie fomiadan ci sdU 
another bydrosyi for ag£un opedng a laotone 
ring or ^oside briid^ Addkiomi lacsoae 
and epoKide residtcs add on in random or 
ordsr^ fashion to form a chain of recurrent 
lactoi^ residues and epoxkle residuie% said 
chain, in essenr^f! oompriaing a seriss of aiky- 
lene Mnks conneoced to anodier by cfivaieat 
carboxy groups and oxy groups. 

To iHiBtrate^ it is tdieved that a lactone 
is oipeiTKi by reaodon wMn a hydrotxyl group 
and thx& oomvertted into an alkylate segiment 
coanjrcted by a carboxy group at one rad to 
a <Eol r^due, for exampile^ and by an oxy 
grtwqj at the odber end to a (l3emdrial bydro>- 
geit, thus: — 

. .R^CrCR3)BCROH or . . . R"^OCLOH 

II • II 

o o 



If more laotone moleail^ are avaMs^, by hydroxyl groups to f ormi ethyiene seg- 
55 they vdH form and add so previous links in menita. Tbusi, for esamplej ed^lene cadde will 
the ^me manner. Epoxides are also opened react wMi a tfermbai OH groiq): — 



XI. 



60 



.R^OH+CHaCHr-^-.. 

\/ 
O 



. R^OCHaCHaOH or . . . R^OEOH 



If more epoxids mdocdes are ayaiiabki they 
w^ add to fireviaus groups in the sjone 
manneTj farming pdyoKyethylene diains. 
When a kctons and an epoxide ais both ayaal- 
abls, they are believed to reaot mi essentiMly 
the same nyTirrgr and add in random feshion 
to form polyoxyalkylene chains interrupted 
oocasionalty by carboxy groups. 

It is CO be understood and en^hasizedj 
therefore^ diat the Ls d^ad Es in Foamaula 
Vni, for examiple^ can be in random ordoied 
diatiibutian and thait flhe formiula represents 
the predocmnaint struotmre of die oxy^kyien©- 
carbotxyalfcylene pdymersL The vatoes of m 
and X m the mdividiHi (CLO)m(EO)x dain 

d 

pardons may Ira the same or different and 
the lengtls and striECtures <^ nhe various 
— Yr(CL0)m(EO) JyH chains need not be the 

I 
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rame. The y (rf oae rhmn may in faa: equal 
zeixji, in wMch instance the formula may be 80 
more specifically express as: — 
O 

II 

xn. HYR^Y[(CL0)m(EO)J.H 
Ths.dismbutiffli! of the L and E groiups m 
the caq^alkylcne-carbaxyE^lene po%ners is 
su!ch that a ketone residue nmy acctar at 85 
eithier or both ends of a d^in and an epoxide 
residue nmy Hfce wise occur at either or both 
emis of ai series. The general f omnia is diere- 
f ore intended «0 include structures that may 
more spsafically be ffit forth as having chains 90 
of the fomHike: — 

O 

II 

Xm. — Y[EO).(CLO)J,H 

o o 

XIV. "Y[(CLO)„(EO)Jx(CLO)JH; and 
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XV. ^Y[(EO).(CLO)„],(EO),H 

It wiE als) bs apparei^: that dieife are at 
kaa dxree methrykne groiups in any opened 
laotone residue symbdized by L in the for- 
ntulae and further ideniified as adjdning at 
lea^ one carbcn^ group of a oaonecsting car- 
bcEsy groigy. The cpsned ^poodde residue 
symbofized in ths f cnrtiulae by E and fiHthar 



20 



identified as pc^onsd betweco oxy groups, 
seme of whadi tcay be oonnaaed to carbonyl 
groups tot farm <^bQsy linJss, conictain two 
nsediyicne groaqss. Whsre substkmsd lactones 
and sjibstituted l>2-epoxides are useds, the 
aikyleiK s^anenss of the respsaive ojeiKd 
rea&jes wHl aarespondingiy sit>stitu«L 
Wbsn waitr is used in place d oarganic 
pdyfuncdon^ coiinpamds, die reaoticms are 
K^tMy die same. Wkfa hydns^ sulfide, 
lactones are beiteved to <m: — 



XVI. HSH+2O=qaEynCRH--5^HOOC(aR0nS(CR3).C^ 

o 



10 



15 



or HS(CEynCOOH+O=C(CR0nCRH 

0 
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and epoxide would opsn and add:— 

XVn. HSH+2C3H*CHr^HOCHjCH.SCH,CH20H 

O 



Addititmal lactones and epoxides would be 
opened and add to the chains in the manner 
desct&ed. 

A pr^erred and most direct method of 
preparing^ the oxyalkyleneorboxyalkylene 
polymers in die first stage;, provided tte di- 
functional focal oompoimds chosen do not 
contain nitrogen atoms cai ' iyi tg reactive 
hydrogen atomsj is to react die tfiree initial 



materials described, i.e., the lactone, the 
epoxide and the difunctional omnpound, at 
an elevated terrqjerature in the piescsice of 
a catalyst. By way of illustration, the reaction 
of ethylene glycol, imsubstituted epsilon- 
cs5>roIactone and ethylene oxide in accordance 
with tlus embodiment of tiie invention may, 
for example, be represented by the equa- 
tion: — 



xvm 

0 o 



the ethylene and pentamethylene segments, 
and therefore also the oxy and carboxy groups^ 
however being distributed in random fashion 
widiin the brackets and the ys bdng an over^ 
age of two. 

The disttibution of tiie ketone and epoxide 
residues wiihin the oxyalkyieneorboxyalky- 
lene polymery can, as a practical matter, be 
influenced to a considerable essent by a 
sdection of the temperature &: which die 
starting materials are reacted and the rate at 
whidh the reactaats are fed to the reaction 
mixture, ^ihough theoretically an cedent dis- 
tribution is possible at any tsenmerature xsp to 
about 150 to 200" C Genaralfy, lower dky- 
lene epoxides react more rapicBy widi 
hydro^l groups than do the lactoiKs; With 
increasing molecular weight, epoxides react 
more sbo^ly, and approach die reaction rates 
of the lactones. 



11 

O - - ' 

'At lower temperatures, Le., from about 10"* 
C. to about 70 C, maximum intermixing of 
the lactone and epoxide residues is favored 
because then the rate at which the lactones 
react witiu the hydroxyl groups is slow enough 
to permit relatively accurate correlation there- 
widi df the rate of addition of epo(xide to 
the reajction mixture. Fucthermore, tiie heat 
of the exothermic reactions can be removed 
mere effectively at slower reactjon rates, thus 
rmmmnng axxeleration of the reaction rates 
due to increases in cemperature. Thus, for 
example;, if xmder the conditions d reaction 
five moJs of iaotnne could be expscDed to add 
onto terminal hytiroxyls in the course of five 
nunntes, it would be relatively easy to obtain 
an osyifeyleneoibcKyalkylene polymer hav- 
ing chain segments akanatdy and repeatedly 
having an average of two epoxide residues 
and one lactone xesiAie by mixing the lactone 
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msh the hyckasyl-beatrng coo^paund, adding 
ten tnols of qmide ia the course d £[ve 
mdsutes md cooling the leaoticm mrmire to 
keep the tsmp^dSxiiZy ami therefore the reac- 
5 uoQ rateS) rdatirely ainistan^. This type of 
OKyalkyieue-carboKyleae polymer, in ivvhicb 
the random) distritoioa of die epoxide and 
lactone r^dsies is relatively dEcieat, is 
charaaerized -by water-insolubilky and by 

10 not ayfttHDmng ewn at lemperarures as low 
as— 30*" C 

At hitler tezn^jo^tures, e.g., frooD about 
70 toi 100* C or higheTj the rates of reac- 
tioQ are ocnsideraibly fester and dte difBcuMes 
15 cf nsDoving die heat^of the reactions for con- 
trolling die temperature of reaction are multi- 
plied. As a resukj such higher temperatures 
favor a less efficient distnbition' of the lac- 
tone and epoxide residues with the result that 

20 an csyalkylene-carboxyalkylene poiymer chain 
wili CQflEtain a rdativdy large ni3!nsber off 
epoxide readu^ omected to one airother in 
series and sudi series of ejraside residues are 
interrupted oocassiooally \yy series of lactsone 

25 risidu^ Thus, for example, where the 
qpccdde c£ katane ratio is 2 :1a an OKyalky- 
lens-carbosyalkylaie polymer chain obtained 
at suds a h^ia: tsmp^ture and feed rade 
of ep€Kide may have aii average of twenty 

30 or ttoty epoodde readues connected in seria- 
tixTi to one anodier and siK±i series of qxjxide 
residues may bs interrupted or tsMiinated 
by fairly long series or blocks cf pdylactonss 
having an average of ten or fifteen lactone 

35 residues. This typ^ of axyalkyfeneKarboJsy- 
allcylene pdymer, in which the random dis- 
tribution of epoxide and laotone residues is 
relatively iuOTcient^ is characterized fay 
water-soluhiliity and a taidency to crystallize 

40 at teanperator^ cf the order <rf 10 to 15° C 
It v^ill be undsrstoodj therefore, that widb 
this Icnowledge of the teaccivity rates oi 
epoxides relative to one anocher and relative to 
laaanes> and the hiifiuenoe thereoni of tem- 

45 perature conditions, suitable adjustments can 
readily be made to influence ttk reacricns in 
desired directiom and, therefore, the charac- 
tsrisrics of osyalkylene^carbcssTs^kyiene pdy- 
mcrs and resins prepared therefrom. 

50 Higher temperatures within die operate 
range cf about 10° Q to 150 or 200** Q, eg. 



above about 100° C, are feasil^ jH^vided the 
cootaa time is xmde qxneqKmdingjy ^lort 
so as to avoid dehydration si^ reactions, par- 
dcularly when; the catalyst is bar<m trifluodde. 55 
Lower temperature^ cg^j as low^ as 10° 
are operable but requiielonger reaction times 
than are a)nsidered economically desirable. 
Generdly, thecefore, -elevated temperatures up 
to about 100° C are preferred and tern- fiO 
peratures toween about 50 and 70° C are 
considered optinsBn for nraxinmm production 
and control with minimfum dehydndon. 

The reaotioai is preferably proinflced by the 
presenoa of Lewis adds sudi as the tri- 65 
fluoride, tribromide and tricMoride of boron^ 
the brcmndes and chlorides cf aluminmn, tin 
and tiranhim, and the dilorides cf andmcny, 
beryllium', bdsmorth, cadmatma^ gaMimn, hon, 
uramiim^ zinc and zircouiuto;. The preferred 70 
cataiysfs are baron trifluodde and. its com- 
pleses with suds organic Qcm^Ksunds as 
^hm, alcohols, and polyols. 

When dffi oK^Jkyiene-<:arboKyalkylene 
palymsrs ai^ prepared in this manner, it is 75 
essential to iKe, as initiators for the poly- 
condensationi theEt^eon of laotone and eposide 
residues, difuncdonal focal can^^aunds that 
do not contain nitn^en atoms for the reason 
that the Lewis add catalysts employed in the 80 
reiotiott form inactive complexes with nkro- 
gen atomiSL When a flesible resin is die ulti- 
mate dedderatuma k is advantageous to avoid 
udng lactoses that are su^^stituted on the 
qarbon atam adjoining the osy group of the 85 
lacttaoff, e^. q^sflon carbon of an epsiloDr 
caprQilactan'& Use of sudi lactones \men a 
boron trifiuoride complex is the catalyst 
apparqady causes dehydjation cf the sec<H^ 
hydro^l gcoup that is formed and then re- 90 
suits ihi a branc^ied-cbain struoture of high 
hydrosyl consent that is desirable V7heni the 
ukimate product is to be a rigid product 

The preparatk>n of the oxyalkylene-carb- 
CKyalkyiene ixrfiymBrs in die first stage of the 95 
method of the intventian can slso be acccm- 
plidsed' in three steps to result in a rdaitivdy 
ordered distributioa of oxy .and carbocsy 
groups. The first of these steps itiivoives ntact- 

the initial lact<Hic or mixtUFe of ketones 100 
widk a mdar excess of a nnmoEhydric alcohol 
as indicated in the equation: — 



XIX. R^oH+o=c(CR^<m-->R'oe(au)nCHRaH ^ r'ocloh 

o o o 



Hie reaction prcdiKa d this step is riien illustrated in the equation: — 
105 reacted widi one or more 1,2-eposridess as 



XX, R«OIJI+xCH--Ca-->R»OL(CH--CHO— at R«OCLO(EO)xH 

V 
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Finally^ die lesuldng osycarbosyalkykne stopper, dis reaction: with a diol being illus^ 
xnomHner is reacted an esoes$ d difooc- trat^ by tbe equation: — 5 
domi focal cooapoand aodng as a cham 

O O 

XXL 2 r4cIX»(EOXH+HOR»^H-^R"^[0CXO(EO).I^^ R'OH 

and the residual product self-polpnerizes by interior ester group® and the diminauoni of 
interaction of ks terminal hydroxyls with the excess difiinctional compound: — 10 



xxn. 



0 

II 



3 R»^»[ccLuo(eo)^H] 



It will b& understcKx^ of ojurse, that an 
amino grostQj on the chain stopper will resule 
in a caibanudo linkage betw^n an osyalky- 

15 kns-carboisyalkylene djsm and the diam 
Etqpper re^due. 

Tie alcohol nssd in tfa^ first seep of dns 
embodiment of the inrendon ^d s^onbolized 
in the equation as R*OH is a primary or 

20 sscratdary monohydiic alcohd haying a lciw» 
bcdling point thaoi die difunscdonal chain 
stof^per. Among those suitable for this pur- 
pose are aliphatic akohds sud% as msthanol, 
ethanol^ pro^Tand^ iscpixipanol^ l-butanol, 2- 

25 butanoJ, teit.-butaisod, l-pentano^ l-prntanol, 
tert^-amyl alcohol, l-hexanol, 4-methyi-3- 
pentano!, 2-ethyl-l-butanol, l-^eptaml, 3- 
heptand, l-ocaanol, 2-ediyI-l-hexanol, 1- 
nonanol, 236-difflechyl-4-hepcanolj 236^-tri- 

30 methyl-4-nonano(l5 S-fcthyl-Z-^ionanolj 7-ediyl- 
2-m€ih^-4-Tmdecanal3 3a9mediyi-6-decanOEl5 
and lauryi alcohoi; aromatic alcohols such as 
benzyl icohd and ph-aiyl methiyl carbinoi; 
and cydoaliphatb akxshok sudi as cydohexa- 

35 nol and triinsthylcydohexanol. Methyl and 
ethyl alcohols are po^exred. 

Tbs: lactottss tmt are sukaHe as staidng 
materials in the ^ist st^ are the same as 
those previoudy identified by Forasula V, The 

40 lactcmss having less than six carboa atoms 
in the ring, Lc, wl^re n is less dian four, 
can be us^ in accordance with tMs embocS- 
ment gE ths method even ihoug^ hosno^Rjiy- 
esters thereof tend to lerot to the mon<Hnex 

45 at derated temperatnres and therefore do 
not form stable products. They are suitable 
here bacause the addkiaa of as little as oaje 
mcA of a 1,2-^pcmds per mol of lactone 
r^ts in the preparadoa of linear oxyalky- 

50 lene-carbozyalk^ene polymers m whidi re^ 
version to small rings is exduded. While it 
is irue that widi some of the kmcr mde- 
cular lactone somewhat Less than 

100%, Le., abcaic 80% and in some instances 

55 as low as 60%, conversion takes place, the 
osyalkj^eoe-caibosj^alkylene polymers from 
these, lower mdecolar wdgfet lactones are 



neveithdess entirdy suitable for the purposes 
of the invmrioo. 

The first ^p in tins nacre indirect maimer 60 
<rf pre-fsring the Qxalkyiene-carfaoxyaB^lene 
polymers is preferably carried out at a tem- 
perature of tile ci!ckr of about 60 to 100° C. 
and in the presence cf addic ester inierchan^ 
caitalysts siih as sulfuric, hydrochloaic, phos- 65 
phoric adds and borcm trifluoride complexes 
such as trifiuoride ethyl etherate. Basic and 
neutral eater interdiange catalysts that also 
promote the reacticm iodude suda metals as 
Kthiumb sxtlmn, potasdinn, n^idium, 70 
caemim, magneaum, caldum, barium, stron* 
ti\nn, zinc, iiuminmn, dtanium, cobalt, gsr- 
maniimTy tin, lead, antimony, arsenic and 
ceriunr, as wdl as the alfcoxides -dierscf . Addi* 
tional suitabJe catalysts are, by way of ex- 75 
ample, the carbonates of alkaH- and alkaline 
earth metals, zinc borate, lead borate, zinc 
oadd^ lead sHicate, lead arsenate;, litharge, 
lead carbonate, antimony tricmde, germanium 
dioxide, cerium! trioxide, cobaltous acetate and 80 
alnmi'mirrh isoprcpofxide. Catalyst concentra- 
tions between about 0.01 and about 0.5% 
by wdght based on the total charge are 
suitable; The pr^etred range is from 0.05 
to 0^% by wdgjit, ^ 85 

In order to ofotain an optimum proportion 
of the hyrcixy ester, it is imporiant to udli25e 
a considerable exc^ e.g., five to twenty mds 
of alcolHji p2r md of lactone. Thus, for ex- 
ampfe, by workmg .with- a ten-fold excess 90 
alcchd, 60 -tof'95% by weigjit of the lactone 
employed is converted to &e hydroixy eater. 
The remainder consists eitiier of unrcaotcd 
lactone or c£ higher alcohol adducts, Le., 
compounds in which two or more lactone re- 95 
ddues are jodned to an alcohd to form a 
higlKT molecular wdgjit hydroxy e^er. It is 
quite possible, however, to proceed with a 
somewhat smaller excess of alcohol and there- 
by obtam a hydroxy polyester adduct in 100 
which the average nmnber of lactone reddues 
added to the alo^ is in excess of one. 

After the formation of the hydroxy ester 
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has been oompletgd, the excess alcoihoi pre- 
sent in the teactic^n nu^ore sixtst be vt~ 
moved. This is not conveniendy accomplished 
by disdlladon at tempsianires as Mg^ as 
5 100* C Hcwpsver, since jbe interdange 
c^ysts nsed in dns st^ to tbe lact(Hie 
ring also catalyze the r^onnadoa of alcodid 
and lactone, in soane instaiK?^ faiify rapidly 
at teinperatutes as low as 50" Cj it is neces- 

10 sary to reniove or to destroy die catalyst be- 
fore removal of die excess alcohd. Acidic 
aisci basic catalysts sucii as sulfudc acid and 
sodium medioside can easily be converted to 
inactive salts by naitraHzaion, or they can 

15 readily be rCTioved completely by means of 
icn exchange resbas. If^ bowever, the catalyst 
for die first SDep is destroyed by formation 
of an active salt^ e^, sodiuna sulfE^e, the 
hydroxy esters fanned in die reaction of the 

20 fca step nmst be di^ed off because <aher- 
wi^ suoji saks woaild interfere -with die cata- 
lytic process of the second step. Neutral ester 
interchange catalysts^ wiale plentiful and oper- 
able, are difficult to remote or to dearoy and 

25 are dierrfcre not preferred. 

In the s«XHid step of the alternative mediod 
for prefsrii^ the oxalkykne-caitjoxyalicylene 
polymers, dK hydroxy c^ers formed in die 
first step ate reacted with l^-epoxid^ in die 

30 presence of a catalyst to form lengrhencd 
hydroxy esters containing etb^ grcqpsc The 
epoxides tiiat are sukatble in tMs step are 
thcce that have already b^n described as 
corresponding to Formula V. Mixtures of 

35 these eposides are al^ suitable and in some 
instances preferred for desirably alisrix^ the^ 
structure of the oxyalkylene-carbcxyalkylene 
pdytnersL Ediykns and propylene oxide and 
mixtures thereof are pr^^red beca u se <^ 

40 dieir lotw cost and ^se of reactioDi. 

The catalysts that are most suitabla for 
the second step are the Lewis acids x^moed 
earlier, parricukdy boron trifluodde and the 
complexes diereof with organic compounds 

45 as well as alumtomi trichlodde, zinc ddodde 
and tin chloride. Bases aich.as tseitiary 
(^ganic amiises. ^idiumi and potassimn medi- 
oxides and hydroxides may also be employed 
althougli tisey are cxmiadered not as suitaUe 

50 because diey r«inire relatively bigji reaorion 
temperatures die order of 90 to 150** C 
and high) catalyst amoentradons of the order 
of 0.2 to 2% by wdght in order to be 
effective. Hiaas, while tiiese other catalysts 

55 are operable, they are not prefared becai^ 
<^ the high temperatures and catalyst conoen- 
tradons ihat are n^ces^ry and wMch texA to 
pnsmoce reversioa of the hydroxy eaers to 
die initial lactones and alamotls. Boron tri- 

60 fiuodde coaspkxes such as the ethyl etherate 
areprefOTed. 

The operable ran^ of reacti<^ iDempera- 
tores for die second step of this altetnat§9e 
method is frcHO bdow ^xmt 10** C to about 

65 150* C At the lower temperatures in this 



raxige die reaction proceeds slowly, while at 
higher ten^seratur^ there is danger of ring 
clasuie of tie hydroxy e^er wkh fcraiation of 
lactone and alcohol The preferred teat^jera- 
ture range is froin 45 to 100" Q since it 70 
allows rapid reaction rates with a nHmrmmi 
of reversion to die iaaooe;- 

Any imreaaed laaosie froan the first step 
dm ren^ins at the beginning of the second 
sfi^ will take part in the reaaion with tte 75 
1,2-epoxide whea a Lewis add catalyst is 
employed. The amofura: of such lactone react* 
ing in the second step depends iipon the 
'dilation ami the temperature of the reac- 
rioa^ die cafcaly^t cogKren'tration as well as on 80 
die struoure of die lactone and die epoKide 
used 

The oxy-carboxyalkylene monomers oh- 
tained in accon^nce widi the second step 
are polymerized in the third step with die 85 
aid a difucdonal focal compound acting 
as a diain stopper to form Hnear oxyalkykne- 
carbaxyalkyiene polymers of any d^ed pre- 
sekcted molecular weight. Difuncdonal focal 
compounds acting as chain stoppers in this 90 
akerosdve m£thod of pi^aration yield linear 
polymers;, as diey do when used as iniitiators 
in the more direct process described earlier. 

The dtfuncrional focal compounds that are 
smtable as chain stoppers in the third ^ep 95 
of this alterrative mediod are generally the 
didsj, diamines and amiTK? aiwhois repre- 
sented by Formula VII. 

It is important^ from the point of view of 
exercising ccj^roi ova: the mdecular weight 100 
<^ the oxyalkyienehcarboxyalkylenc pdynaers, 
to use a amsiderahle esc^ preferably about 
fi:ve- to ten-fold the amount of stoichicHneftiic- 
ally required, of difunctiotnal focal compound 
an the third step and that it be one having a 105 
higher boiling poim than the alcohol used in 
the first step. This excess and hi^er boiling 
point is required in order to insure a sub- 
stantial displacement of the monc^uncdanal 
alcdiol foom the intermediate product of die 110 
second step. In instances in which the focal 
oon^jound itself is diffioilt to remove, eg., 
when a coosdderably higher boiling did is 
eosployed, die pref OTed procednie is to use 
a stodchiomemc amount thereof in coojunc- 115 
tion widii a substandal excess of another did 
that is relatively easy to ronove. Thus, for 
exampSe, where the alcohoil u^ in the 
stq> is mediand and the desired chain 
hopper is trieihyiens giycoJ, it is possible by 120 
this proced u re to remove substantially com* 
pletdy all of the methanol with a conader- 
able excess of added ethylene glycol and 
pnefcrendally to retain in die polymer dte 
stoichiomsetric, amount of triethylene glycol 125 
initially used rather dian the ethylene glyoil. 

The third step in the alternative 
method of prq)aring die oxyalkylene- 
carboxyaikylene polymers in die first 
stage is prefecably, but vex. nec^sarily, 130 
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carried out with the use of a catalyst 
cuch as a basic or neutral ^er iategchangc 
catalyst to accekrate the reactioa. Among S& 
catalysts that are sukabk for chis purpose 

5 are such zx^als as Ikhmm, sodium^ pota&- 
zimn^ rubidium^ caesiuiD^ magneshHrh, cal- 
duin^ barium^ stnmtiuzn zinc, aluxniiuHn^ 
titaniiEm, cobal^ germaniton, trii, lead and- 
mtmy, arsenic and ceriuni, as wd as the alk- 

10 oxides thereof. Additional suitable catalysts 
are, by way of ecample^ ^c borate, lead 
borate, zinc oxide^ lead silicate, lead arsen- 
ate, litharge, lead carbonate, antimony tri- 
oiide, germanium! dioixide, cerium triosids, 

15 magnesium acetate, oibakous acetate;, man- 
ganese acetMe, lead acetate, lead 2-eithylhexo- 
ate, lead salicylate and lead benzoait& Catalyst 
concentrations between ^ut O.OQl and 1.0% 
by weight, 'bas^ on die ^s^Jght of die starting 

20 monomer, are suitable. Tfe preferred range 
is firom 0.01 to 0.5% by weigjit based cm 
the weight of t3ie starting monomer. The 
catalyst has also die funcdcn of destroying 
the baron, tcifliuoride oompiex left in the 

25 reacdcn mixture of the preceding step, which^ 
if not inactivated, may cans* ade reactions 
sudi as debydratiaa. 

The catalysts that are particularly effective, 
and tberefore preferred, in polymerizing die 

30 monomers ae the oiganic tin compounds des- 
cribed in copending Application No. 12159/ 
57 (Serial Na 859,639) ibe organic titanium 
ccnipofunds described! in copending Applica-. 
tion No. 12162/57 (Serial 859,642) and die 

35 titanium chelate m± acyiatss described in 
copending Application No. 12164/57 (Serial 
No. 859,644). 

The third step is carried out wkhin tie 
temperature range of 120 lo 250" C, nKJSt 

40 effectively between about 150 and 200° C 
It is preferably carried out in two phases^ 
tb* first at a temperature of about 120 to 
170° C. and the later phase, for further 
polymerization, at 150 to 250° Q At tem^ 

45 paratures bdow 150° C the reaction rate 
is relatively slow whereas at temperatures 
above 200° C diere is a danger diat dier- 
mal degradation of the reactants and products 
may begin to occur. It is dedrable, therefore, 

50 tc carry out die final phase of die diird step 
under a vacuum and to exclude air from 
the reactants by blowing an inert gas sncb as 
nkrcgeO) through die reaction mixture. 
The average molecular weight and reac- 

55 dvity of the mixture oi cixyalkylene-carboixy- 
alkylene poiynuHS with an isccyanate can 
readily be datetmined by analyas for hydroxyi 
and carboxyl contenL The add or carbos^ 
numbo" (mg. <rf KOH psr gram of <syalky- 

60 len^K2lIboKyalkylene pdymer using pbsnol- 
p>idmlein as an imlicator) is a measure of 
the nimcher of terminal caibc^l groups. The 
kydrcxyl number, wludi is a measure of the 
numb^ cf terminal hydroxyi groups and is 



H-gfingfi in tern^ of mg. of KOH per gram 65 
cf axyalkyiene-carbofxyalkyiene poiymer, is 
deternnned by adding pyridine and acetic 
anhydride to the oxyalkylene-carboxplkylene 
polymer and titrating die acetic add formed 
with KOH. TTie sum of the add or carboxyl 70 
number and the hydroxyi number, rrferred 
to as the reactive number, is an indication 
of die avmge number of tenmnal groups 
presair in the oxyalkylene-carboxya&yiene 
polymer and ther^oie is in turn an indication 75 
cf die degree of polymerization. A n^xture 
of coyalkylene-carboxyalkylene polymers con- 
taining kmg chain molarules will have a rela- 
dvdy low reactive number while cixyalkylene- 
carbotxyalkylene polymers containing stwrt 80 
drains will possess rdatively higher reactive 
numbers. Molecular wdgjit can readily be 
ctkulated from the hydcoKyl and carboxyl 
mnnber by die fcrmula: — 

2000X56.1 

xxm. M.W.= 85 

OH N0.+COOH No. 

It will become apparent &om the foregoing 
diat r^ardless of how die linear osyalkyiene- 
carbcQcyalkyiene polymers are made, i.e. 
whedier they are block oxyalkylene-carboxy- 
alkykne polymers or whether the distribu- 90 
UCQ of carboxy and oxy groups in the chain 
is random or ordered, they can be prepared 
CO best suit die particular type and require- 
ments cf the polyurediane resm ultimately 
desired The molecular weight of block oxy- 95 
alkylene-carbcxyalkylene polymers can be con- 
trolled acxuratdy by a prKdected propoation 
cf die difunctional focal compounds reacted 
widi die lactone and die epoxide or retdned 
in ths oGsyalkyiene-carboxyalkylene polymers. 100 
Hie smaller die amiraint of initial glycol or 
dtfuncticnal focal ccmpound is rdative to die 
lactone or to tte lactone and the epoxide as 
the case may be, the higher will be the mole- 
cular wdgjit of the oxyalkylene-carboxyalky- 105 
lene polymer. The relative proportions of oxy 
and carbqsy. grcaips can readily be contrdled " 
.by the ^xjportions of lactone to glycol or 
epoxide. Oxya&ylene-carboxyalkylene poly- 
mers prepared primarily from epdlon-capro- 110 
lactone and ^ibykne oxide to have moleailar 
weigjiis of die order ci about 1800 to 2800 
and in wbidi die oxy groups outnumber the 
carboxy groups by ratios of the order of ^ 
about 3.2:1 to 6.5:1 are from slighdy to 115 
completdy water-soluWe whereas tihose in 
which die ratio of oxy to carboxy groups 
is of 'the order cf about 0.5 : 1 to about 32: 1 
are wacer-inaduble liquids. The extent to 
^ch the oocurrence d. osy and carb;^ 120 
groups is random or ordered can be infiu- 
enoed by die availability of the compraients 
for reaction in die course of preperation. 
This in tunit can be controU^ by Sections 
of reaoti<m temperature and rate of feed of 125 
eptmde to die reactants. Side chains can be 
introduced by the use of substkuted laaones. 
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subsdtutsd glycols or ^pceidesy or bo(L If 
cfesired, da a^alkylme<aibot£yalkyleiie jwly- 
mtrs can also be giv^ a braodied struc- 
ture by emfiaying pdyols havii^ a fiHKtiaa- 
ality b^hsr than two in t&a prqjaratian <rf 
blcdc 0Kyalk^en£>-caHws2yalkyleiie polymers 
md by tb& use of diepoaddes or pdyfunc- 
dcoal fc^ ocnnpounds bavkg more than two 
reactive bydrogsois, or btytii, in the paspara- 
dca oxyalkylene-carboxyalkylfine podymers 
vmh randm cr ordfired distribudoix of oxy 
and carboKy grca^?s. 

We pefer to select the lactoiKs and the 
epojdiks and difoncdcnal focal comipotcod, 
jmd dieir rdatiyc pioportiosMk, so as to ihto- 
dxic& osyalkyl^-carboxyalkylene poiymers 
iKtving inoleailar wdg^zts in the range <^ 
about 400 to as high as about WOOO and 
preferably between about 1800 and 2800. 
When OKyalkylene-carboxyalfcylene poiynBsrs 
having modecular weights as mr as shovat 400 
are employed in tte prejaraaoa of pdy- 
urethane resins by reaction with isocyanates, 
the reans fonusd are reladvdy rigid On the 
otbsr han4 oxyallqiene-carboixyalkylene poly- 
mers having molecular weights m the i^)per 
end of the range, e.g., around 5000 to 7000, 
result in the fomaadoit of polyurediane resins 
of very high elasticity. Generally speakkig, 
polyurethane resins jarepared from blodc-type 
o3C5^1kyleiM<aiboixyalky[ene pclyroers of a 
given nEokcular weight temi to fonni poly- 
urednns resns having somewhat hi^ser cen^ 
sik stren£^ dian those formed from, random 
or orderoi type of osyalkylenecarbosyalky- 
lene poiyniers of equal molecular. we^KL 

As a ftnther guide to the sdectioa of initial 
reacrams and dteir relative propQurions for 
the formationi of oxyalkylene-carboKyalkylene 
polymers and tbeir eventual conversion into 
potyurethane re^ns, it is well to bear in 
mind alroi dm. osyalkykneK^rboKyaikyleae 
polymers derived from unsubsdti^ed lactcmes 
geiEerally tend to have siijKrior taaaie 
streagdi and some tendency to ciystallise, 
whereas those made from osyaikyiene-csffb- 
Cfsyalkykne poiymers dedved from sul>- 
^timted laoc^teS) at least in pait, show no 
teiideiK7 to crysiallize and tend to foan dasto- 



XXIV. H0(OCP)0H+eiicess G(Na))f->0<:^GiiIHa)(OCP)OG>^ 



mtrs having c^fdasssm xKm-l^rdeniDg proper- 50 
ties. Inasmuch as the tiock-type os^i&jdeDe- 
cadxH^^alkylcae pdytaim tend to impart 
masiffiami irasile stresgfh w pdyareifene 
rems fonzsed from and opcyalkylene- 
car^o^ralkylQQe j3tolyo3ers having random; or 55 
ordeEed t^sirlbi^OQ t£ oxy and carbosy 
g^EOi)^ favor gppd low tonq^wature jaopciticss 
it will bsEQEge ap^ent dhlai: ofitiimnn tenale 
g^n^b is otoinable by use of Hock-type 
exydl^l^iie-cart^^ polymers pre- ^ 

j^tar^' from m^iibst^ed laaones as the oaoly 
}acmes and ths^ opdmmn low temperature 
^xjpsrties are obiaiaable by use of osyalky- 
lene-carfK?£y30cyl(^ pdymm of the random 
or osrdered jype psei^uid, at least in pait^ 65 
from substitmed lactop.es. 

k is to be understood of course tlat the 
term ** oaysdkylene-^rarbo^alkyiene poiy- 
SKTS as used ^rdn^ is iiztended to trrr^in!^ 
not osEily ^ c^aBgdene-^aiboKyalkyiene 70 
I^lymers prej^red by reaction a siiigle 
lactone widt a dn^^e eposide and difimcdoinal 
i&xal compound, bat ^so time mvolving two 
09: more laccpnes, eposides or focal amb- 
pomida FmheriTtore, it is to be understood 75 
diat it is witMn the scop^ of the invention 
to react dissoeyanates with not only one par- 
ticular mixture of ossyalfcyltneKarbofsyaJkyiene 
poiymers but mitt blends of <PFerem 
psq^aiigdenecarbofxyalkyk^ polymer nnxtmres 80 
prepared as hsrs^ ck^cnbed as well as ^^ith 
bkods one or more of the qsyalkykn^- 
carbosg^idl^lene polyn^rs with polyesters 
teretofgre descril^ e.g., die ketone pdy- 
e^ers descr3>ed in co-peirfii^ Aj^lii^tion 85 
No. 12162/57 (Serial No. 659,642) or iiidi 
DEEoiecular weigjit pplya&ylene ethers or pofy- 
esccrs as those prepared by condeasa- 
d<m of a glycol with a' dicarbci^lic add. 

S;ECC>$n) Stage 90 

(UNEAR EETENSION) 

We have i^^d it advantageous to est^od 
ths oxyaljkyieQe-earbosyalki^ene polymers by 
reacting;, after cat^ful renroval of any trac^ 
of mtastures their .tenmnal hydroxyl groups 95 
\5ith art excess ci daiwyanaitei as represented 
by tils equation:— 

O O 



in whidh HO(OCP)OH is an abjireviated re- 
100 pPKentatian for the oisyidkylene<arbpxyalJky- 
lene polynasrs with their characteristic ter- 
minal hydrosyl groups and chains of divaloit 
alfcylene jmks connected by oxy and carbossy 
.groups^ G stands for a member sekcted from 
105 the gassp con^sting of divalent aliphatic^ aro- 
matic cydoolipliatic radicals and y is an aver- 
age <rf at least one and p^efcraWy about two 
c(r more. 

It will be noted from Equation XXIV tiiat 
110 the use c£ an excess of diisocyanate piovi^ 



an efifidoit means of control over the .degree 
x£ linear extension of the osyallcylene-carb- 
oxyalkyiene jwlymers. If die paroportions of 
osyaJkykne-rcarboKyalkykne polymar and di- 
isocyanate are chosen so that tte mimto of 115 
reactive tenrHnal hydroKyl groups on the osy- 
alkylene-carbaxyalkylene pdLymere are equal 
to tite namiber ctf reactive iajcyanatc groups 
on die diisocyanate, .estremely hig^ 
moiecdar w^st chains would be fomxed 120 
wids ahemately reccuning osyalkyiene-carb- 
'.oKyalkytece ?i^in? and diiso^panat? rsidue^ 
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y in that instance possfcly being a very hi^ 
nmr^ET- The resulting resin would have a 
diarp n^dng poiitti retain its od gina l soda- 
bility prqjertieSi and be capable of being 
5 dravm into filameitts. By nriliTang an optinHm 
excess cf about 30 to 60% by weigk diiso- 
cyanate hoveever^ dose cratrd is maintained 
over the lengtb cf die i«>cyanatermodified 
oxyalkylene-caibaxyalkylene polymer in that 
10 mdecul« fonned predonSiandy coooprise 
two to three a^^alkyknei^rboKyaBo^cne 
chains coajugated with thiree to four, respec- 
dvelyj diisocyanate readaesi, y being an aveir- 
age <^ 3.33 mdi a diisocyanate excess of 30% 
15 and an average of 1.66 wkh a diisocyanate 
excess of 60% by wei^it. Diirocyanate-modi- 
fied oxyalkylenss<arbo2:yalkyiene pdymers 
vithm this rai^e have die most durable 
diaracceriaics for the producdoni, at a later 
20 stage, d a rubbery jwlymer which so&ens 
gradually over a wide range of tenqjeraiures 
and is not sab}ax to cold drawii^. A greater 
excess, iq> to several bundred percent, <^ di- 
isocyanate is desirable if the desideratum is 
25 a more rigid type of pdyuretbane product 
The reaction of tbe oxyalkylene-cariKHcy- 
alkykne polymers with the diKocyanaDe can 
take place at temperatures varying Iroiu room 
temperature to above 300* C Ths preferred 
30 temperature is in the range of abont 100 fi> 
" 150" C, the upper lin^ 5 the reaodcHi temh 
pCTature being sdected on the basis of the 
thermal stabolhy <rf tie reacdoa products and 
of the diisocyanatesi, and the lower Ikndt being 
35 determined by the lowest economical rate of 
reaction without a catalyst At temperature 
under this range, the reaction; is oitiiely 
feasible if a catalyst is employed- Without a 
catalyst it is too slow to be practicable, 
40 especially at temperatures below about 75° 
Q At temperatures above 200*' C, and par- 
ticularly above about 300** C, diere is danger 
cf destructive deccmiKJsirion of the reactants 
and reaction jffoduot 
45 The time of reaoti<Hi may vary from seveial 
minutes to as mudi as a <6y dependii^ iBpon 
tie reaction temperature and the identity 
of the particular oxyalkyl^ie-carboxyalkyiene 
polymer and cKisocyanate as wdl as upon the 
50 absence or presence of acoeHerator or imrder 
and tise idsntky diereof. Most de^hdy, 
conditions are adjusted so as to provide a 
cositrallable le^tkm that is cranpletsd in 
about ten to sixty minutes. 
55 If dssred, the reaction nmy be accder- 
aied by emploj^ing catalysts sudi an mar- 
ganic bases and particularly tertiary orgmc 
bases such as tertiary amines aiKt pho^hincs. 
Among die latter are N^W-dimeliiylaniline, 
60 N JE^ - dinietliyHiexalydroaniline, N,N*-di- 
methylpipetazittei N-mstiyhnorpboline, tri- 
benzylamine, N,N*-dimeth3^benzylaminp, tn- 
ediylamine, 4rialkyi pbosphmes, dialfcyl- 
piienyl ^sphines and a&yldiphenyi phos- 
65 phanes, v^alyst concentrations may be vaned 



considerably. Concentratkms between about 
.001 and .5% based on the weight of tiie 
total in^edients, have been found sufficient. 

Among the cetarders suitable for the cxy- 
aikykaerOrbosyaBcalsne palymef-diisccyan- 
ate reaction are adds su<3i as hydiochloiic 
acid, sulfuric acid, phosphoric add, boric 
add, and organic acids; acyi halides such as 
acetyl cMoride and acetyl bromide; sulfonyl 
balides such as paia-toluene-sulfonyl-chlor- 
dde; inorganic add halides sucb as pbos- 
phoEOus tribroimde, phosphorous tridibride, 
pboqtocus oxycfaloride, sidfuryl ^ cMoiide, 
and tMonyl diioride; and sulfiidioxide or 
addac sulfones. Tlxe addition of a retaider is 
deskable in some mstances not only in order °^ 
to stow down, as oihe name implies, tiie rate 
of resctkn b5Cween= termirial hydrox5^ and 
^ocyanate groups, but also for inhibiting 
reaction beSveen the isacyanate gioi^ and 
the luetiiane groups formed in the second 
stagie. 

If the starting oxyailkyleoeKarbaxylalky- 
kne pdymers ftom the first stage contain 
alkaline reacting materials, they should hz qq 
nsutaalized or addifi-ed sligjitly by addition 
of acids (HT add cMciides. For instan<^ poly- 
ethylene oddes are pr^)ared by caialyzing 
the ethykne ©ride polymerization with 
sodium or pota^um hydroxide or otter basic 
catalysts, K these polyethylene oxides are 
reacted with lactone, the resulting block-^ype 
oxya&ylene-<arboxyalkylene polymers con- 
tain some sodium or potassium carboxylate 
end groups whicb are eflSdent catalysts fa: jqq 
the isocyamtte reaction- in stage two. la order 
tt) prevent almost instantaneous or premature 
cross-linking in stage two (a procedure which 
yields mferics: elastomers), the oxya&ylene- 
carboxyalkykne polymers shouM be neutral- ^os 
ized or sightly addcfied. 

The chain kngtiiening re^<m of die oxy- 
aBcylene-carboxyalkylene polymers witb the 
diisocyanate may earned out witii a wide 
variety of dUtplHtic, cycloalqy ba tic or aromatic llO 
diisocyanates, the aromatic dfercyan^es 
being most suitable because of thsk greater 
reacftivky. Among the various dnsocyanates 
useful in this reaction aie m- and p-pteiyl- 
ene dSsocyanates, 2,4- and 2,6- tolylene di- li5 
isccyanates^ 2^,5,6^tetram©thyl-p^-<phieny3- 
ene <Hisccyaaatei mrxyiyiene diisocyanate, 
434'-biphenyl€ne diisocyanate, 3,3^-dimethyl- 
4,4M5ipihEnytoe diisocymrate, 33^-d3miethr 
axy-4i4-biphenylene diisocyanate, p,p^-bi- 120 
benzyl diisocyanate, p,p*-^i>henyiaiethane di- 
isocyanate) 4,4^-me^lene bb ortbo tolyl iso- 
cyanaia, 1,5-naphthalene dasocyanate, fiu<»- 
ene diisocyanates, pyrene diisocyanates and 
diTyssne diisocyanates. The table in the pub- 125 
licatton of Sie&en (Annafcn, 562, pages 
122^135 (1949)) lists numerous otSier di- 
isocyanates whidi are useful for perforuHng 
this -reaction. 
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TmRD Stage 
(gum stock preparation) 
In Older tx> fordier extemi lie oxya&ytene- 
carbosyalkylene po]^er-^>ol3/urediaiie diiso- 
5 cyanates i^stained m the scoond stage and 
^so to bring about a cross-Hnld-ag ctf it» 
xmijscdissy oxyalkylens^aitoxyai&yteQe 
pdymfiT-polyurethanc is reacted with a difam>- 
timsl reactant ^i^cb is a did, a dianome or 
to an ammo ailodhok Sxtdi a findier 
lengdisning leactian to fosm a gnm stock is 



iTkisirated, by way of exaw^Oy m Equatson 
XXV bdow. Id t&s £histrstiv& csaznpfe, €wo 
mab ozyiafi^lenfi^arboxydkylene polymer- 
poiyia^tbane <^i50cyanate, abbreviated for IS 
pucposes of daricy as OCN(OCP— PU)NCO 
to msHcaJe tihe reactive tssiranal ists^anate 
^ups obmxned -by izsing an cscess of dm<y 
cyanste m sEtage two, react witb three mols 
tjf an amino aktjhol to show tbe leacrions of 20 
itydroxyl and amino fnnips of a difunc- 
tkmal reactaat with the isoqranate gtotqys. 



XXV. 



OH 

3 r" +2 ocn[ocp-pu)nco 

NH^ 



It wfli be evident &om Reaction XXV diat 
25 die hydposyl groirp of a difunt^ionai leactam 
in this stage ireacts with a tenninat isocyan- 
ate grmip ix> fosm a iHret^aire gxooip 
— OOCNH — and that the ammo gro^Ep of 
a difunotion£^ leactant does so by forming 

30 a urykne groi^ — HNOONH— . There is 
reason to beHeve that, simi^taneou&ty with 
Readion XXV, the reacti<aj pwiiitas of 
Reaodon XXV and free diisacy^nates arcect 
to effect a cross-Mdng. llrese leac&cms can 

35 taifce p^ace in many ways. Tims, for examplej 
a terminal isocysnate ^oup caa zeaot widi a 
leadive hydrcgen or (a) an amide gnoi^ of 
a stage two ppodnct (Equation X3QV) pre- 
i^ared hxkially witib ihe poiyalkyleae edier 

40 having one or two amino groiip a> fccoa an 
acyi urea cross Mi;> (b) a nretaane group of 
a stage two .fffodtrct or a stage three prodnct 
(EquatiQai: XXV) to form an aiHophamc ester 
cross link, and (c) a urylene grcwq? cf a stage 

45 thi^ pTodiKt prepared widb an «aimio groap- 
conisdniiig leactant to form a biuret cross 
link. Son^ of diese zeaotxons may also take 
jdace, albeit at a mudi reduced rate^ ibrfoce 
dte addition of i^ <&functional ireactanit in 

50 the third smge, because of die foamatiwi of 
a nimber of urediane groups m the second 
stage and dzek- ^^sility to enter into slow cioss 
]inMng r^cti^ w&b terminal isocya^ate 



55 ' Tfce difunctsonal ceactants tiat are useful 
In this stage are dids, amino alcohds or di- 
amines. It is it^vx^ble^ homfmy where hig^ 
tensile streogijh of the final product is des- 
irable, (tx> ose (dxose d hngher mdlecukr 

60 weigjic than, for raaimle^ poIyoxyaicyiKie 
cK^m^younds <^ the fonmufee HO(CHsGHaOXH 
ami HO[ai(GHsX2W:>]nH where n is 
greater xi^a about sis. Among die <^unc- 
timial reactants found to be paSiculaily suit- 

6f able alcme or ixh aihiuxmre wMn one anodier 
in this stage are edryiene glycol, trimedsyiene 



0 O 

ocnh(ocp-pu)nhcnhr "oh 

^ A" 
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glycod, 1,4-baftynedioi, 1,4-butenediol, tetea- 
mediyleae glycol, pentamechytoe glycol, 
hcxamediyieK glycol, decamet%iene g^^, 
qumitd, cthaiK>lainine, 3-aminopropanol, 4- 70 
aminobutanol, S-annnopentanol, 6-aminf>- 
hexaxtoLy pamdnobes^l alcdiol^ n^ommo^ 
ateha-awfdr^ben:^! alcrfiol, p- auiinoph aiyi- 
edxyil alcoSiol, etnylenediaamne, tctmemylene- 
diamme,^ jjeiiaffletihyienedianHnei paiiamedB?!- 75 
enediamine, hsxamedxyienediamiine, deoi- 
mediyienffliiflTnmc, mrphenylenediamine, 2,4- 
to4yienedianinie, p^pfienyienediamine, 4>4^- 
bHjheoyJsied^mm 3,3^- dicMoro - 4/^^ - hi- 
pSsaiyienedamime, 33^-djmadEyl-4,4^-bi- 80 
pheaylenediamine, 3,3^ - dimethoKy - - bi- 
phenylenediamine, p,p^-bibenzyldiainme, pyp^- 
diphenyik3ethane{£aiDmK, 2,5- and 2^7Hmior- 
enedsamiiies, 3,8- and 3,l(>-pyreniedianHnesj 
f^perazme, mrkyus msthyl-, and polymetityl- 85 
piperarfnes/ MfuncticmaJ readtanis of this 
type are preferred in dsis stage of die process 
f<»r dte iceascm thai diey act as cham ex- 
tenders widiout forming caibost dioxide 
babbles dm die mass. 90 

reaction XXIV is showa fior lUus- 
traave puipwes only, as Involving diree mols 
of a dmmcmiKil i^otant and two mols of a 
oxyalkylene^airbosyMcyiene polynter-poly- 
imediane diisocyanate, i.e., a 50% excess of a 95 
difunctknal reactaiHt, drc amount of difimc- 
tional employed for optimum results is with- 
in the iran^ of 1 to 20% excess. The use of 
more than 20% esce^ results in a system 
±at is genenaly moss rigid diasi d^r^le 100 
for die production of eiasGomeric materials 
and the use of m equivalent: or less dan 
equsvaleoft ansount of drfimctional results in 
a corqplctely cross^iifed system winds ceases 
430 be a gmn stock. It is to be understood, 105 
^herefoie, dtat while alto 20% excess of 
^Afunctional reactant is recommended for the 
dmd stage;, dep^tores £tom this amount in 
order to obtain more rigid or more com- 
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pletely cros^Iinfeed systems are not oijisids 
t&e scope of the invention. 

Ths r^tron of tfet or^alkylene-orboixy- 
alkyiene ^lynaer-pE^yurethane diisocyanate 

5 witii ths difinrctitmal reaccant can be casied 
cut at a temperature ranging frwn room tem^ 
peratures to ofver 200* C Temperatures of 
the order of 100 to 150** C. are pi^ecred. 
Tbz time of reaction may vary kcm several 

10 ininutes to one day depending upon the ceac- 
tion temperature. If a catalyst 'has been em- 
ployed m the second saage, k mil also act as 
a otalyst in the third saage. 

Fourth Stage 

15 (Ojre) 

The final curiag is catarkd out ??tth a 
polyisocyaiHte, pir^ra^ an atomatk poly- 
isocyanate. While die polyisocyanate em- 
ployed in the final cure may, if desired, be 

20 the same or a different diisocyanate as com- 
pared with that used in tt^ second stage^ it 
may al^ be a td- or higher fimctior^ iso- 
cyanEEte. One of the more attractive types 
of polyisocyanate useful in the ftHirth ^tage 

25 is 4he product: — 

I 




Nco 



as weH as the isomers thereof, obtainable by 
phosgenation of the reaction product of aniline 
and formaldehyde, 

30 In tte preferred cmbotfiment of- the m- 
vention, ajraroximaisJy 3- to 7% by weigjic, 
based on the weight of gum sitock, of addi- 
tional polyisocyanate is admked with the 
gum stc<± on a conventional rubber mill or 

35 in any suitable mining device and the mix- 
tore is cured in the mold at a tem|)sratuie 
preferably of the order of about 140 to 160° 
C in a few minutes. E a longer nioI#i^ imie 
than fifteen minutes is not objecticmabk, the 

40 temperature of the cure may be ctmsidfiarably 
lofw^, e.g., as low as about 100* C. In tii 
mdd, the cure is accompiiifced apparently 
by a reaction of excess amino or hydroKyl 
grcx^ with the newly admixed polyisocyan- 

45 at£» and secondly by ieacti«m of the remain- 
ing free tenninai isocyanaae groups with 
hydrogen atoms of the uiylene and ureihane 
gOTps to form a strongly ctoss-hnfeed poly- 
mer. 

50 By this procedure^ elastomers poroesang 
escdknt tei^ile serai^ csacqttKmal 2ow 
brittle temperattffe and no petceptiWe 
hardening or crystallization are obtained. The 



very favourable non-hardemng jffoperties of 
ti^ elastomexs obtained in accordance with 55 
dts m^iiod of das invention are not only 
apparent aft^ extended storage but can be 
(teionstrafid by n^ans of X-iay patterns of 
the elastomers stretci^d to 300 to 400% 
then: origiml length. Miile elastomsrs pre- 60 
pared by oth-ar medtods and from other start- 
mg tiHterials show a tendency to crystallize^ 
the elastomars prepared by the miibod of 
the invention sl^w either virtu^y no Crystal- 
hnity or not enough to cause hardening of 65 
tite ekstom^ic conaposition. 

Rigid pdyucethane lesins are also obtaiur 
able by allying oxyaEcyicne-carboxya&yl- 
ene polymers, preferably oi the biock-^type, 
having relatively short chain lengths^ e.^^, a 70 
midecular weight of about 400 about 800, 
utSiang only unsubstituted lactones in- their 
preparation, by using a considerabk excess ol 
isocy^iate in the second st£^ or by using 
a reaccant having a Ingte functionality 75 
than two in the tmrd stege^, or any combina- 
tion of these akemativesi, all of which con- 
cdbute to rigidity <tf the final product. 

In leviewii^ the basic nKthod of form- 
ing the resins of this invention^ it wiE be- 80 
ccHiie ajqjarent that, after pieparatiim <tf the 
osyalkyiene-carboxyalkylene polymers, tire 
process can be cjuiied cm continuously with 
substantially sknultaneously Q3cyalkylQieK:ar- 
boxyalkyl^c extension and cross-linfcmg, 85 
bacchwise and in distinctly separate ^age^ or 
in any intsennediate manner. 

C^e continuous method that is most dktct 
and cconomkal and requires Httle moEi:5e than 
coodnuous mixing apparatus as equ^mient 90 
involves admiymg and reacting isocyanate 
^dith mixed but unreacted oxyaMencor* 
faoxyalkylQie polymers and polyfunctional 
reactant, the amoxmt of isocyanate being such 
that die reactive isocyanate groups therein 95 
are present in apfffoximately 10 to about 
100% excess over the numbar of hydroxy! 
and anano groups in the oxyalfcyieaie-cicboxy" 
aflc^ene poiynKx and |>oly&notional reactant, 
Tfe meniod, which is fllustraied in several 100 
of ±e examples to follow, leads hnmediatdy 
to the cur^ dasttHusar. 

Anotha- method involves -reacting oxyalltyl- 
ene-carboExyalkyiene polymers with about 12 
too afbout .2 mob diisocyanate per mol of oxy- 105 
alkylene-carboxyalkylene polymer in the 
secoiKi stage for ftening a prejyolymer and 
dien reacting the prepolymer with less than 
an equivalent amount, pr^erably abnit 10 
to 75 mol percent, polyfunctional: xeactant 110 
In this esmbodhmait the excess of isocyan^- 
mod^fied oxyalMene-csrboxyal^yiene poly- 
mers serves as a cross linking agmt to form 
a completely cured resm. 

It is dko within the scope of the invenr 115 
tion to admix and react an isoc^mate with 
ppemixed but non-ceactcd oxyifeyleneor- 
boxyaliqrtene polymers and polyfunctional 
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reactairCj tiie ixinniber of leacdve isoq^aiate • 
groiips i& 'dds instasce bemg.kss di^ die 
aiHxA^ <rf bjrdroxyl and mnbo grmgrs avail- 
able for -zescttDa on tie- os]^alig^3fine^catbaxy^ 

5 aDcylene polymefs and pdyfunctknal-ieact- 
aa£. This is in effect a conihbatuKi of dz& 
second md itkd stages ford^ prepara^n of 
die non-lfflrcfemng fum ^lock and is 

addition and i^eax^on wxdt-an escess -ol 

10 additional isocyanaiej- preferably aboat 3 to- 
7%, in order to dSrea a cure. This cn^bodi- 
ment^ as wdl as the embodim^t <kscribed in 
detail as most iBustrative -of the- TTiedranism 
of the lieactions invo^ved^is d^irabde v/besa. 

15 it is desired to form -a ncat^tgrdenrng ffinri • 
stock than can be acred at a fdnae date;. 

A conadeiable nnmbsr of modifying agents 
may be added to the jmlyurediane tesia at 
any sta^. of its pioduc^ioa- afcer db& fosrana— ■ 

20 don of oxyalkyloie-carbo^alp^iene poly- 
ms:; These Boatemls indnde filte sodi as 
carbon blades, vmtous clays, zkg: oidde,- 
titanium dioxide, and ^ vanous dyes; 
plasticizers such as polyesters wiach do not 

25 contain any reactive exingroTipSj stearic and 
oito fatty adds, otgantc esters {^ stearic and 
other fatty adds, salts of fatty addsy di- 
octyl pWalate, tetr^wtyi^odisuccmate, and 
the Hke. It is also possible to indude rdeasing - 

30 agents sudi as mold rdease agents diat- are 
sometimes very hdpful in the prooessn^ of 
the resin to about 130° C After the imxture 
had cooled to 120* C, 25 grams et^hanofamine 
were added and the materials were sriiied ' 

35 mdl an elastomeric gum stock resulted* This . 
was milled into a thin sheet on a mbber mill. 

Example 1 
912 grams (S mols) epsilon-capralactone and 
25^ grama (80 mols) medianol were iheated to- 

40 65 to 67° C. for twenty bom k the presence 
of 0.456 gram concentarated sulfuric add {96%) 
as catalyst. The add catalyst was then neutral- 
ized by addition of 0.505 gram sodiom methyl- 
ate and disoHed in vacuo, 971 t^ams of 

45 methyl 6-hydrorfcaproate were cfetained. It 
had a boiling point of 99^ C at a pressure of • 
4 mm, Hg. and a refractive index n©*** of 
1.4349 to 1.4352. 
877.2 gsrams (5 mds) of the tmetihyi 6- 

50 hydroxycapioate thus obtained were toted to • 
60° C, widi 2.80 graim toon trifluoride etibyl 
echerate (47% BFj) and ctea 525 ^ams (12 ' 
mols) ethylene onide were added over a period - 
of diree hours at a tempttatore <rf-60 to 70° 

55 C. The rating Xylene oxide adduct was 
a colourless liquid having a leftaodve - index - 
ni>" of 1.44(50. 

550 ^rams the ediylene oxide addua,- 31 
grams (0.5 mol) ethjdeoe ^ycol and 1.1 gram 

60 tetacaisoi»op54 titanate were (heated at 170° C 
for twenty iiotics. 87 J ml. of methandl wa?e 
recovered. The leaotants were riien subjected 
to a vacimm <rf 10 iran. Hg. for 3 J hours at 
170° C, 15 grms of ediylene glycol behig 



recovered. Th& lesidting mixture of oxyaH^. 65 
l^ie^2iboxyalkyiene polymers - was a iig^ 
ydlow 'wscoi^ liquid toing a bydrox^ mnjar' 
ber of -51.1, a csffbo^l nrfflafco: of -1.0 and a 
cakdated svecage molecalar wei^t of 'SHO.- 
SOO grams of the oxyaJkj^eneorboxydky- 70 
I«ie pdyiners were ^Jeied to 120° C witii 
56.1 ^ms (0.212 ffic^3i3-dimediyl-4,4^-di- 
ph!ai^cae -diKOcyanate.-The leaoion tempera- 
ture rose to 130*^ C After tfe reactanis had 
cooled -to 120° C, 52 gnens etihanolamine 75 - 
were added, and "the Teactants* were stirred 
vig<wously • until an eiastomeric gum stodt 
r^ilted. Hus was milled nito a ^tm ^ho&^-on 
a iubbeF-m31. 

5% by weight qf 33^^<iimetliyi-4,4*-di- 80 
phenyiene diisocyanate -was. adnnx^ with a 
portion of ^ gum stodc on-a cold rubber amll. 
The material was tiien moldai into a disc of 
0.07'* t^ikiness heating (under pressure for 
fifteen miimt^ at 160° C. The cured* adasto- 85 ■ 
mfia: esMated tiie f oUovraag jAysical proper- 
ties:— 

Taisile -strengiiij Kg./sq.em. - - 135 
Etongation at ^eak, % - - - 780 
Load at 300% elongation, 90 
Kg./sq.cm. - - - --- 39- 

Brittie temperature °C - - - —64 
Htoines&— Sbore/'A" - - - - 54 

E&VMI'LB 2 ■ 

550 grans of -tteetiiyiene oxide adduct of ' 95 
mct&j4 6-bydit«ycaproatey prepared, as des- 
oibed in Example -1, and 31 ^grams: (0.5 mol) 
etiiylene (glycol were heated at 170° C for 
twenty dioiirs in -the presence -of 0.55 gr^ 
dibirfyitin oxide and 0.5 gram tetraisojaropyl 100 
titanate as catalysts. 80 ml. of methanol were 
recovered durmg tins (reaction. The reactants 
were "Ehen subjected ^o a vacuum <rf- 10 mm. 
Hg. for ttoee hows durizig which time 15" 
grams of ethylene gfycol were recovered. The 105 
resulting mixture <rf oxyallppiene^catboxyalfeyl" 
eae pdymcrs was ^ icoMess .vfecous liquid " 
having a bydroxj^ of - 59'.2, a ^atbosyl 

number of - 1.3 ' and " a - calculated * aiverage 
mokoular we^t of 1S20; 110 

150 !grams -of' tiie oxyalicylene-catboxyaiky- 
lenc polyoKis thus obtained weie heated to 
120° €. and 31.3 ^ams (0.1185 mo^ 3^^- 
dimet^iyl-4,4^-dipihenyleae diisocyanate were 
added, wheret^n the- rejection ten^cratiffe 115 
rose to 135° C After the -mixture 'had cooled 
at 120° C, 2.9 grams ethanolamine were 
added and the materials were stinred untS an 
dastOTeric gum stock resulted.' This was 
milled mto a thin sheet on a rubber imll. 120 

7% by wd^t of 3^-dimethyi-4,4-^Hdiphcnyl- 
ene diisocyanate was added to a porti<m of this 
gtm> stock on a cold nisber miU. The mixture 
was nM)lded mto a disc of 0.07" tiidtness- by . 
lieati:^ under pressure for fifteen minutes at 
160° C The cured elastomer possessed the 125 
following physical jawp^es ; — 
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Tensile strength, Kgysq.cm. - - 138 

Elongadoa at toeak, % - - - 735 
Load at 300% dongation, 

Kg./sq.cm, ------ 127 

5 Brkde ten^emurcj '^C, ~ ~ - —52 

H^dness— S*hoie «A" - - - 65 

Example 3 
1406 grams of epsilon-caprolactoae, 79.5 
^cms of ethylene ^ycoi and 3.3 grams of 

10 ^joramrifluOTide ethyi ctherate (47% BF3) were 
heated to 60° C. 1406 grams of ediylene oxide 
were thea fed to the leaction mixture over a 
period of 5.4 hours. ap^licadoa of a 

vacuum of 4 mm. Hg., 81 grams of dioxane 

15 were renovad. The Teaming mixture <^ oxy- 
alkylene-carboxyalfcyiaie pdyjms ihad a 
hydioxyl aumber of 52J and a caiboxyl 
number of U. 
204 grams oi the ^ve oxyalkylene-car- 

20 boxyaikylene polymers and 11.0 grams of 4,4^- 
metliylaiedianiline W€je heated to 120^ C. A 
mixture of 65% 2,4-aiid 35% 2i6-tDfylene di- 
isccyanate (33.0 gr^ns) was then at^ed and 
the leactants wore stirred for forty-five 

25 minutes. Afcetr further curing at room tempera- 
ture for twemynfour horn, a ton^ elastomeric 
produa resulted. 
WHAT WE OLAIM IS : 
1. A method <rf j»eparing a gum stodc 

30 whidi conqsdses forming a mixture of oxy- 
alkylene-carbox^^Hc^kne polymers by reacting 
a diphend) a diol^ a diamine, an amino alcohol, 
a dmiexcaptan, a mercapto alcohol^ water or 
hyckogea stilj^ddde^ a lactone of the general 

35 formida: — 

0=C(CR3)nCHR 

O 



in which n is an integer hamg a vatoe of at 
least 2, ail the Rs are hydrogen when n is 2, 
at kast 6 Rs are hytkogen whea n is naore 

40 than 2 and the lemafnii^ Rs are hydrogen or 
alkyl, cydoalkyl, alkoxy os sbgle ting arc»natic 
hydroca<rbon radicals or an hydroxy ester of 
said kctswie and a primary or secraadary alcohol 
having a boiling pwnt lowcsr ijhaa that of said 

45 did, diamine, amino alcohol, dimercaptan, 
mercapto alcohol, water, hydfcograi sulphide or 
diphaiol, and a 1, 2 qpoxrde of the general 
formula: — 

Rii— CH— CH— R" 



50 in which R^^ is hydiogea or an alkyi, dilaro- 
alkyi, hydroxyaikyl, vin^ or phenj^ radical or 
in which the two R"s taken tog^epr con^lete 
a dosod hydrocarfxm ring; leactii^ said reac- 
rion mixttire yvb^ a molar excess as hereinbe- 

55 fore defined erf an organic diisocyanate to form 
isocyanate-estended oxyaikyiene-carboxyialkyl- 



eae pd^^ers and converting said polymers to a 
naa-^hsffdening gum stock oy reacrion with a 
did, a diamine, or an amino alcohol. 

2. A tnenhod as claimed m Qaim 1 in whidi 60 
n is at least 4 and at least (fl+2) Rs are hycko- 
gea. 

3. A method as claimed in Qaim 1 or 2 in 
whidi the hy<koxy e^er of the iaaone is 
reacted with the 1,2-epoxide and the reaction 65 
product is thai an excess of the diphaiyi, 
did, diamine, amino alcohd, dimercaptan, 
mercapto alcohol, water or hychogen sulphide. 

4. A method as daimed in Oaim 1 or 2, 

in which fhe lactone, the 1,2-epoxide, and the 70 
dijrfienyl, did, diamine;, amino alcdid, di- 
mercaptan, mercapto alcohol, water or hydro- 
gen sulphide are reaaed at a temperature in 
the lange from 10° to 70° C, in the pre- 
sence of Lewis adds as catalysts. 75 

5. A method as daimed in any of Oaims 
1 to 4 in \?hioh die mixture of lactone and 
1^-epoxide is reacted widi a thirty to sixty 
percent molar excess of an organic diisocyan- 
ate. 80 

6. A method as danned in any of Oaims 
1 to 5 m which the isocyanate-extended oxy- 
alkylene-cafboxyalkykne pdymers are reacted 
with 1 to 20 percent molar excess of ^e diol, 
diamine or amino alcohd. 85 

7. A method as claimed in any of Claims 
1 to 6 in whidx the gian stock is cured by 
leacrion with an organic polyisocyanate, 

8. A method as daimed m Qaim 7 in which 
from 3 to 7 wdgtitt percoit of the organic 90 
pdyisocyanate is nsed to cure the g?um stodc. 

9. The method as daimed in any of Oaims 
1 to 8 in which the mixtuie <rf iaaone and 
1,2-epoxide is reacted with dbe organic diiso- 
cyanate at a temperature between 50^ and 95 
200° C. and the resulting product is reacted 
with the diol, disonine ct ammo alcohol at a 
temperattffe between 50^ and 200° C 

10. The method as daimed in Oaim 9 in 
which the temperatures are hetweea 100° and 100 
150° C. 

11. The method as daimed in any of Oahns 
1 to 5 in which the amount of diisocyanate is 
such that the ntmiber of reactive isocyanate 
groups in the reaction mixmre is less than 105 
5ie nuniber of hydroxyl and amino groups in 

the reaction inixture. 

12. A method as claimed in any of Oaims 
1 to 4 in whidi the amount d oi^nic diiso- 
cyanate is suffident to provide an excess of 10 110 
to 100% of isocyanate groups over dhe reactive 
hydrogen atoms provided by the did, diamine 

or fflnino alcohd. 

13. Non-hOTdening gum stodcs fttepaied by 

the processes dakned ia Oaims 1 to 6 or 11:> 
12. 

14. Oired giun stod?s pr^ared by die pro- 
cesses dakned in Oaims 7 to 12. 
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